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Abstract

A male-removal experiment was performed to determine if the value of
male parental care depended on the timing of the help. In the experiment male
parent was removed before the carcass was prepared for breeding, after partial
carcass preparation, after complete carcass preparation, before direct care for the
larvae and males were allowed to disperse naturally after caring for the larvae. It
was found that where the male provided complete pre-hatching care or both pre-
and post-hatching care offspring were larger and in better condition. Mass of
offspring at eclosion was affected by male removal (Fsi26 = 5.087, p = 0.002)
though size of offspring was not affected by the treatment group. Complete pre-
hatching care had a positive effect on development compared to limited care
(Fs, 1267 = 8.501, p < 0.000) but this effect disappeared if males remained after the
larvae hatched. Larval survivorship did not vary among treatments (F3122 = 0.531,
p =0.662).

Introduction

Biparental care is uncommon in invertebrates(!?3). In burying beetles both parents
provide care for the larvae both before and after larval hatching. They provision the
offspring directly by regurgitating pre-digested carrion into the mouthparts of the larvae.
Females stay with the brood until larval development is complete and when they
disperse from the carcass, but males disperse several days earlier”.

Single males and females are equally competent as parents, but under biparental
conditions males perform less direct care of the offspring®19. Males can benefit by
remaining with the carcass by gaining access to a known resource, defending the
carcass and the brood from intra- and interspecific intruders®!!-13. There may be some
benefit to the female in terms of future reproductive success(. However, there is no
evidence of a beneficial effect of male assistance in direct care for the larvae on offspring
components of fithess beyond uniparental female care(%4). A previously neglected
question for burying beetles is the importance of timing of male assistance in parental
care. Studies on birds have shown that the timing of male removal can be important(719),
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In burying beetles, pre-hatching care, which includes the preparation of the carcass
for breeding, is important for offspring survival (9. However, this is also the time period
when male parents do most of their foraging. Thus, the costs of pre-hatching care (in
terms of resources lost to the offspring) differ from the costs to the offspring of the
presence of parents during post-hatching care. Benefits of the presence of the parents
may also vary depending on the timing, but this has not been examined. In this study a
male-removal experiment in Nicrophorus vespilloides Herbst designed to test for different
benefits of male participation in care at different time points. In the most extreme
treatment male parent was removed immediately after mating so that the female
received no assistance in care. In a second treatment, males remained with the female
long enough to provide assistance in the burial and some of the preparation of the
carcass. In a third treatment, males took full part in carcass preparation prior to larval
hatching, but provided no care directly to the larvae. In the last group male were allowed
to desert naturally and therefore took full part in both pre- and post- hatching parental
care.

Materials and Methods

The beetles used in this study were from an outbred laboratory population derived
from over 100 wild-caught Nicrophorus vespilloides females trapped in a deciduous forest
in August 2003 at Sunbank Wood, Manchester, England. Beetles were housed
individually from the day they dispersed from the carcass in clear plastic containers (17 x
12 cm area and 6 cm high) under a 16 : 8 hrs light:dark cycle at 20 + 2°C, and fed
decapitated mealworms (Tenebrio) twice a week.

One hundred and twenty pairs of sexually mature virgin males and females were
randomly selected from the laboratory stock population. Each pair was kept in plastic
box for 24 hrs (17 x 12 x 6 cm) filled with soil during which time they were allowed to
mate. Pairs were randomly assigned to each of four treatment groups, which differed
with respect to duration of male care: (1) No male care. In this treatment, males were
removed 24 hrs after placing them with a female and before providing a previously
frozen mouse carcass (n = 30), (2) Limited pre-hatching care. Males were removed 24
hours after providing a mouse, allowing limited pre-hatching care (n = 30), (3) Full pre-
hatching care (no post-hatching care). Males were removed the day when the larvae
were first seen in the crypt made by the parents, which is approximately 3 - 4 days after
introducing the carcass (n = 32) and (4) Full pre- and post-hatching care (control
treatment). Males were removed the day they deserted naturally (n = 34). Males that
were not observed in the near vicinity of carcass (i.e., within 1 cm of the carcass) for two
consecutive days were scored as deserted. Previously frozen mice ranged in size from 9.5
to 17.5 g were used as carcass.
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Number of larvae that dispersed from the carcass for each family, mass of each
larvae at dispersal, mass at adult eclosion and size of adult offspring was recorded as
offspring fitness. Mass was determined by weighing each larva to the nearest 0.01 mg
using an Ohaus analytical balance. Size was determined from digital images of the
offspring reaching the adult stage using NIH Image] (http:// rsb.info.nih.gov/nih-image/)
by measuring the length of the pronotum along the suture line in the middle of the
pronotum®.

Two clearly defined stages were measured to investigate the effects of treatments on
development: (i) Duration of larval development on the carcass and (ii) duration of the
"wandering stage", larval development off the carcass when the larvae no longer forage.
Wandering is measured from dispersal to the beginning of pupation@). All larvae
disperse together from the carcass when the resource is exhausted.

Different ANOVA models were used to analyse if removal of male parent had any
effect on offspring fitness. Nested ANOVA with family nested under treatment for
variables that are influenced by genetic differences and therefore more similar within
families than between families®. ANCOVA (Analysis of Co-variance) were used to
measure traits that did not vary among family members, such as the time of dispersal of
larvae from the carcass and the number of larvae at dispersal. In these analyses the
number of degrees of freedom equalled the number of families. Carcass size was
included as a covariate and data were transformed when not normally distributed.

Results and Discussions

There was no significant effect of the timing of male removal on the number of
offspring that dispersed (Fig. 1; Fsiz1 = 2.103, p = 0.103). In addition, duration of larval
development on the carcass was not affected by the timing of male removal (Fs, 120=1.021,
p = 0.386). Carcass size did not have a significant effect on either trait.
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Fig. 1. The effect of pre- and post-hatching care on the number of offspring that disperse from the
carcass in each family (Mean + 1SE).
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As expected, there was a significant family effect on mass at eclosion (F1os,1266 = 8.652,
p < 0.001). Controlling for this family effect, the timing of male removal also had a
significant effect on the mass of each larva at eclosion (Fig. 2a; Fs, 1266 = 5.087, p = 0.002).
The offspring of families where the male had access to the carcass until larval hatching
and in the control groups were heavier as adults compared to the offspring of families of
the other treatment groups.

Adult size was significantly influenced by family membership (Fios s = 11.198, p <
0.001). Controlling for this effect, the size of offspring that emerged to adulthood was not
affected by the timing of male removal (Fig. 2b; Fs, 11s0=1.101, p = 0.347). However, there
was a trend for broods that received no male parental care to be smaller than broods that
received at least some male parental care. There was a significant correlation between
adult weight and size (Pearson’s r = 0.759, n = 1289, p <0.001).
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Fig. 2. The effect of pre-and post-hatching care on (a) mass and (b) size of offspring.

Consistent with previous research showing genetic influences on development,
family membership influenced the proportion of time spent in the wandering stage
(F1os,1180 = 6.723, p < 0.001). The timing of male removal also had a significant influence on
the proportion of time spent in the wandering stage (Fig. 3, Fs, 1267 = 8.501, p < 0.000). This
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was due to a single treatment shortening the proportion of time spent wandering.
Offspring from families where the male was removed at larval hatching had shorter
wandering stages than offspring from families of the other treatments. Offspring survival
varied from 66 to 73%, and was not significantly different among the different treatments
(F3122=10.531, p = 0.662).
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Fig 3. The effect of pre- and post-hatching care on offspring development.

Eggert et al. (1998)19 performed a similar experiment where they examined the
critical period of uniparental female care, and also found that increasing amounts of pre-
hatching care increased larval body mass. It therefore seems likely that pre-hatching male
care compensated for the time that females were away from the carcass laying eggs - a
period of time that can last several hours and occur repeatedly over a day®).

Male assistance during carcass preparation and direct care of the larvae, therefore,
has a positive effect on the offspring. However, broods that only received pre-hatching
care and broods that received full pre- and post-hatching care did not differ. This
suggests that male care is important before larval hatching when the carcass is prepared
for breeding. Male assistance in preparing the carcass for breeding may only be
important when single females are time constrained because they must allocate time
between egg-laying and carcass preparation.

The value of the assistance of the male in provisioning the larvae after they hatch
remains unexplained. In the present study larval development off the carcass suggests
that the presence of males on the carcass after the larvae arrive may even have a subtle
negative effect on offspring fitness. Larvae that received pre-hatching biparental care but
that did not share the carcass with the male after hatching spent less time in the
wandering stage, the stage where larvae appear to be most vulnerable®¥. This study
suggest that males should abandon their families at the time of larval hatching. However,
as pointed out by Scott(129), Scott and Gladstein®» and Trumbo(26), male defence against
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conspecific competitors may be a very important component of burying beetle breeding
systems. If so, there may be trade-offs between the benefits of assistance in defence and
costs of resource competition that select for male persistence®). However, the
involvement of males in post-hatching provisioning of larvae remains unexplained in
burying beetles. This assistance in direct care of the larvae may incur no benefits when
the female is present, but simply reflect the maintenance of behaviour through genetic
correlations from selection on females. Alternatively or in addition, males may be
selected to retain the propensity to provide direct care for the offspring in case the female
dies or deserts the broods. Thus, the possibility cannot be excluded that the expression of
male provisioning under biparental conditions simply reflects a non-adaptive response to
conditions and stimuli and is not beneficial to the offspring.
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